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DETAILED ACTION 

Claim Rejections - 35 USC § 112 

1 . The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

2. Claims 8, 10-11, and 13 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

3. Claim 10 recites the limitation "a spacer" in the third line of the claim. It is unclear 
whether this limitation is the same as the "spacers" recited in the last line of claim 8, which claim 

10 depends on. If the limitations are the same, please use "the spacer" instead of "a spacer". If 
the limitations are different, please use a different term, e.g. "a first spacer". 

4. Claims 8 and 11 recite the limitation "a floating gate dielectric" in the fourth line of the 
claim 8 and the 5 th line of claim 1 1 . The definition of this term in the claims is inconsistent with 
what is disclosed in the specification. In the specification, the term "a floating gate dielectric" is 
a sidewall dielectric next to the formed floating gate and may be formed at the same time as the 
forming of the access gate dielectric (spec page 4, second and third paragraphs) and as shown as 
the oxide 102 in Fig. 10. In claims 8 and 1 1, the limitation "a floating gate dielectric" has "a 
floating gate" on top of it, which indicates the term "a floating gate dielectric" refers to the 
tunnel dielectric layer 5 1 . The inconsistency of the definitions of this term renders claims 8 and 

1 1 indefinite. The Examiner also notice that Applicant uses the same term "the floating gate 
dielectric" referring to either the oxide 102 or the tunnel dielectric layer 5 1 in claims 10 and 13. 
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5. Claims 10 and 13 recite "a wet-etched portion of the floating gate dielectric" in the third 
lines of claim 10 and the fourth line of claim 13. Firstly, claims 10 and 13 are device claims and 
this limitation is a process limitation which should not have a patentable weight. The same 
product can be made with the portion of the floating gate dielectric dry-etched. Secondly, the 
portion of the floating gate dielectric (assuming it is the tunnel dielectric layer 51) under the wet- 
etch is removed (spec page 9 lines 20-22). Thus the wet-etched portion of the floating gate 
dielectric does not exist when the access gate is formed. Using a non-existent structure to 
construct the structural relationship in claim 10 renders the claim indefinite. 



Claim Rejections - 35 USC §103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

7. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

8. Claims 1, 3, 5, 7, 8, 10, 11, and 13 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Chang (US 5,991,204 A) in view of Sharma et al. (US 5,488,579 A), and 
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further in view of Quirk et al. ("Semiconductor Manufacturing Technology", 2001, Prentice 
Hall, pages 456 and 459-460) as can be understood since claims 8, 10-11, and 13 have been 
rejected under 35 U.S.C. 1 12. 

9. Chang teaches, regarding to claim 1, a method of manufacturing on a substrate 
(semiconductor substrate 100; Fig. la, col. 3 line 58) a 2-transistor memory cell (Flash EEPROM 
cell; Abstract) comprising a storage transistor (the transistor formed under 101) having a 
memory gate stack (the gate stack under 101) and a selecting transistor (the transistor under 107), 
there being a tunnel dielectric layer (floating gate oxide layer 104; Fig. la, col. 4 lines 2-3) 
between the substrate (100) and the memory gate stack (the gate stack under 101), the method 
comprising: forming the memory gate stack (the gate stack under 101) by providing a first 
conductive layer (floating gate poly 103 in Fig. 6a before the etching) on the tunnel dielectric 
layer (104; see Fig. la) and a second conductive layer (second poly; col. 8 lines 55-58) with a 
deposited interlayer dielectric layer (layer 102 of ONO; Fig. la, col. 3 lines 64-65) between the 
first and second conductive layers (103 and 101; see Fig. la), the deposited interlayer dielectric 
layer (102) including oxide (oxide/nitride/oxide; col. 3 lines 64-65) and being susceptible to 
undesirable growth upon exposure to oxygen during subsequent oxidation steps (the interlayer 
dielectric layer 102 is between two polysilicon layers and is susceptible to undesirable growth if 
two polysilicon layers exposed to oxygen during subsequent oxidation steps), etching the second 
conductive layer (second poly) thus forming a control gate (101; Fig. 6a, col. 8 lines 55-58), 
forming spacers (control gate spacer 106; Fig. 6a, col. 8 lines 62-65) against the control gate 
(101) in the direction of a channel (active channel region 113; Fig. la, col. 3 line 62; the 
direction of channel is the direction from the source to drain) to be formed under the tunnel 
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dielectric layer (104; see Fig. la), and thereafter using the spacers (106) as a hard mask (col. 8 
lines 62-65) to etch the first conductive layer (floating gate poly 103 in Fig. 6a before the 
etching) thus forming the floating gate (floating gate poly 103 in Fig. 6b after the etching), 
removing a portion of the tunnel dielectric (104) laterally adjacent to the floating gate (103) and 
exposing a portion of the substrate (100) where the tunnel dielectric (104) has been removed (see 
Fig. 6b, col. 9 lines 1-2); and forming an access gate dielectric oxide (erase gate oxide 1 12; Fig. 
6c, col. 9 lines 3-4) on the exposed portion of the substrate (100; see Fig. 6c), using the spacers 
(106) to mitigate the diffusion of oxygen to the deposited interlayer dielectric layer (102; the 
spacer 106 covers the interlayer dielectric layer 102 that oxygen has to diffuse across the spacer 
before reaching the interlayer dielectric layer, which means the diffusion of oxygen to 102 is 
mitigated by the extra diffusing process across the spacer), regarding to claim 8, a 2-transistor 
memory cell (Flash EEPROM cell; Abstract) comprising, a storage transistor (the transistor 
formed under 101) and a selecting transistor (the transistor under 107), the storage transistor (the 
transistor formed under 101) comprising a floating gate dielectric (floating gate oxide layer 104; 
Fig. la, col. 4 lines 2-3) on a substrate (semiconductor substrate 100; Fig. la, col. 3 line 58), a 
floating gate (floating gate poly 103 in Fig. 6b, col. 8 lines 62-65) on the floating gate dielectric 
(104; see Fig. 6b), a deposited interlayer dielectric layer (layer 102 of ONO; Fig. la, col. 3 lines 
64-65) on the floating gate (103; see Fig. la and 6b), a control gate (101; Fig. 6a, col. 8 lines 55- 
58) on the interlayer dielectric layer (102; see Fig la) and being smaller than the floating gate 
(control gate is shorted than the floating gate; see Fig. la), and spacers (control gate spacer 106; 
Fig. 6a, col. 8 lines 62-65) next to the control gate (101; see Fig. la), and that mitigates oxygen 
diffusion to the interlayer dielectric layer (102; the spacer 106 covers the interlayer dielectric 
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layer 102 that oxygen has to diffuse across the spacer before reaching the interlayer dielectric 
layer, which means the diffusion of oxygen to 102 is mitigated by the extra diffusing process 
across the spacer), and regarding to claim 11, an electronic device (Flash EEPROM arrays; col. 3 
lines 54-55) comprising a 2-transistor memory cell (Flash EEPROM cell; Abstract), the 2- 
transistor memory cell including, a storage transistor (the transistor formed under 101) and a 
selecting transistor (the transistor under 107), the storage transistor (101) comprising a floating 
gate dielectric (floating gate oxide layer 104; Fig. la, col. 4 lines 2-3) on a substrate 
(semiconductor substrate 100; Fig. la, col. 3 line 58), a floating gate (floating gate poly 103 in 
Fig. 6b, col. 8 lines 62-65) on the floating gate dielectric (104; see Fig. 6b), a deposited interlayer 
dielectric layer (layer 102 of ONO; Fig. la, col. 3 lines 64-65) on the floating gate (103; see Fig. 
la and 6b), a control gate (101; Fig. 6a, col. 8 lines 55-58), on the interlayer dielectric layer (102; 
see Fig la) and being smaller than the floating gate (control gate is shorted than the floating gate; 
see Fig. la), spacers (control gate spacer 106; Fig. 6a, col. 8 lines 62-65) next to the control gate 
(101; see Fig. la), and that mitigates oxygen diffusion to the interlayer dielectric layer (102; the 
spacer 106 covers the interlayer dielectric layer 102 that oxygen has to diffuse across the spacer 
before reaching the interlayer dielectric layer, which means the diffusion of oxygen to 102 is 
mitigated by the extra diffusing process across the spacer). 

Chang does not teach, regarding to claim 1, the spacers being formed from a dielectric 
material having an oxygen diffusion through the dielectric material that is, relative to oxide 
spacers, an order of magnitude smaller than oxygen diffusion through the oxide spacers, the 
etching of the first conductive layer being an anisotropic dry etch that is selective to the tunnel 
dielectric, thereby using the tunnel dielectric to protect portions of the substrate laterally adjacent 
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to the floating gate; regarding to claim 3, the dielectric material having an oxygen diffusion 
through the material that is an order of magnitude smaller than oxygen diffusion through oxide 
spacers includes one or more of silicon nitride, silicon carbide or meal oxide, regarding to claim 
8, the spacers are made from a dielectric material having an oxygen diffusion through the 
dielectric material that is an order of magnitude smaller than oxygen diffusion through oxide 
spacers, and regarding to claim 11, the spacers are made from a dielectric material having an 
oxygen diffusion through the dielectric material that, relative to oxide spacers, is an order of 
magnitude smaller than the oxygen diffusion through oxide spacers. 

In the same field of nonvolatile memory, Sharma et al. teach , regarding to claim 1, the 
spacers (nitride sidewall spacer 37; Fig. 2, col. 4 line 52) being formed from a dielectric material 
(silicon nitride) having an oxygen diffusion through the dielectric material that is, relative to 
oxide spacers, an order of magnitude smaller than oxygen diffusion through the oxide spacers 
(silicon nitride has the oxygen diffusion an order of magnitude small than that of the oxide), 
regarding to claim 3, the dielectric material (silicon nitride; col. 4 line 52) having an oxygen 
diffusion through the material that is an order of magnitude smaller than oxygen diffusion 
through oxide spacers includes one or more of silicon nitride, silicon carbide or meal oxide 
(silicon nitride), regarding to claim 8, the spacers (nitride sidewall spacer 37; Fig. 2, col. 4 line 
52) are made from a dielectric material (silicon nitride) having an oxygen diffusion through the 
dielectric material that is an order of magnitude smaller than oxygen diffusion through oxide 
spacers (silicon nitride has the oxygen diffusion an order of magnitude small than that of the 
oxide), and regarding to claim 11, the spacers (nitride sidewall spacer 37; Fig. 2, col. 4 line 52) 
are made from a dielectric material (silicon nitride) having an oxygen diffusion through the 
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dielectric material that, relative to oxide spacers, is an order of magnitude smaller than the 
oxygen diffusion through oxide spacers (silicon nitride has the oxygen diffusion an order of 
magnitude small than that of the oxide). 

Sharma et al. also teach that the nitride spacer smoothes the topography created by the 
polysilicon gate and eliminates any sharp corners or edges of polysilicon gate from protruding 
into overlying layers (col. 4 lines 55-58). 

In the same field of semiconductor manufacturing, Quirk et al. teach, regarding to claim 
1, the etching of the first conductive layer (poly gate etch; Fig. 16.29, page 460, fourth 
paragraph) being an anisotropic dry etch (page 459, bottom paragraph and page 460, 4th 
paragraph) that is selective to the tunnel dielectric (i.e. gate oxide; page 460, 4th paragraph), 
thereby using the tunnel dielectric (gate oxide) to protect portions of the substrate laterally 
adjacent to the floating gate (avoiding any microtrenching of the gate oxide around the periphery 
of the polysilicon; page 460, the bottom paragraph). 

Quirk et al. also teach that dry etch can provides high selectivity and low device damage 
(page 456, the bottom two paragraphs) 

It would have been obvious to one of ordinary skill in the art at the time of invention was 
made to combine the inventions of Chang, Sharma et al. and Quirk et al. using the nitride spacers 
as taught by Sharma et al. and the dry etch as taught by Quirk et al., because the nitride spacer 
smoothes the topography created by the polysilicon gate and eliminates any sharp corners or 
edges of polysilicon gate from protruding into overlying layers as taught by Sharma et al and dry 
etch can provides high selectivity and low device damage as taught by Quirk et al. 
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10. Regarding claim 5, Chang also teaches a method according to claim 1, further including 
forming a floating gate dielectric (poly tunnel oxide 109; Fig. 6c, col. 9 lines 3-6) next to the 
formed floating gate (103) while forming the access gate dielectric (erased gate oxide 1 12; Fig. 
6c, col. 9 lines 3-6). 

1 1 . Regarding claim 7, Chang also teaches a method according to claim 1 wherein, forming 
an access gate (107) includes forming the access gate while the spacer (106) at the access gate 
(107) side is still present (see Fig. 6c). 

12. Regarding claim 10, Chang also teaches a memory cell according to claim 8, the 
selecting transistor (the transistor under 107) comprising an access gate (erase gate 107; Fig. 6c, 
col. 4 line 7) on an access gate dielectric (erase gate oxide 1 12; Fig. 6c, col. 9 lines 3-4) on the 
substrate (100; see Fig. 6c) immediately adjacent to a wet-etched portion of the floating gate 
dielectric (i.e. the region of access gate dielectric 1 12), a spacer (control gate spacer 106; Fig. 6a, 
col. 8 lines 62-65) being present between the control gate (101) and the access gate (107) and a 
floating gate sidewall dielectric (poly tunnel oxide 109; Fig. 6c, col. 9 lines 3-6) that is 
contiguous with the access gate dielectric (112) and present between the floating gate (103) and 
the access gate (107), wherein the spacer (106) is thicker than the floating gate dielectric (109; 
see Fig. la). 

13. Regarding claim 13, Chang also teaches the selecting transistor (the transistor under 107) 
includes, an access gate (erase gate 107; Fig. 6c, col. 4 line 7) on an access gate dielectric (erase 
gate oxide 1 12; Fig. 6c, col. 9 lines 3-4) on the substrate (100; see Fig. 6c) immediately adjacent 
to a wet-etched portion of the floating gate dielectric (i.e. the region of access gate dielectric 

1 12), a spacer (control gate spacer 106; Fig. 6a, col. 8 lines 62-65) being present between the 
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control gate (101), and a floating gate sidewall dielectric (poly tunnel oxide 109; Fig. 6c, col. 9 
lines 3-6) that is contiguous with the access gate dielectric (1 12) and present between the floating 
gate (103) and the access gate (107), wherein the spacer (106) is thicker than the floating gate 
dielectric (109; see Fig. la). 

14. Claims 4 and 14 are rejected under 35 U.S.C. 103(a) as being unpatentable over Chang, 
Sharma and Quirk et al. as applied to claim 1 above, and further in view of Hong et al. (US 
5,614,746 A) as can be understood since claims 8, 10-11, and 13 have been rejected under 35 
U.S.C. 112. 

Chang teaches, regarding to claim 4, before forming the memory gate stack, applying the 
tunnel dielectric layer (104) on the substrate (100; this is shown in Fig. 6a), and after formation 
of the memory gate stack (see Fig. 6b), removing the tunnel dielectric layer (104) by a selective 
etching technique (stripping, col. 9 lines 1-2) at least at a location where the selecting transistor 
is to be formed (all the exposed area including the selecting transistor region; col. 9 lines 1-2), 
and regarding claim 14, removing a portion of the tunnel dielectric (104; see Fig. 6b, col. 9 lines 
1-9) includes removing a portion of the tunnel dielectric laterally adjacent to the floating gate 
(103) and expose a portion of the substrate surface (100) (see Fig. 6b, col. 9 lines 1-9), and 
further including forming an access gate (erase gate 107; Fig. 6c, col. 4 line 7) of the selecting 
transistor (the transistor under 107) on the access gate dielectric (erase gate oxide 112; Fig. 6c, 
col. 9 lines 1-9). 

Chang, Sharma and Quirk et al. do not teach, regarding to claim 4, the selective etching 
technique preferentially etching the tunnel dielectric layer compared to the substrate, and 
regarding to claim 14, wet etching the tunnel dielectric to remove a portion of the tunnel 
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dielectric and expose a portion of the substrate surface where the tunnel dielectric has been wet 
etched, leaving the exposed surface of the substrate intact. 

In the same field of nonvolatile memory, Hong et al. teach, regarding to claim 4, the 
selective etching technique (wet etching; Fig. 3E, col. 6 lines 58-61) preferentially etching the 
tunnel dielectric layer (tunnel oxide layer 22; Fig. 3E, col. 6 lines 58-61) compared to the 
substrate (top surface of P-substrate 21; Fig. 3E, col. 6 lines 65-66), and regarding to claim 14, 
wet etching the tunnel dielectric (tunnel oxide layer 22; Fig. 3E, col. 6 lines 58-61) to remove a 
portion (exposed portion) of the tunnel dielectric (22) and expose a portion of the substrate 
surface (top surface of P-substrate 21; Fig. 3E, col. 6 lines 65-66) where the tunnel dielectric (22) 
has been wet etched (see Fig. 3E), leaving the exposed surface of the substrate intact (see Fig. 
3E). 

It would have been obvious to one of ordinary skill in the art at the time of invention was 
made to combine the inventions of Chang, Sharma, Quirk et al. and Hong et al. to use the wet 
etch to remove the tunnel oxide because Chang, Sharma and Quirk et al. is silent of how to 
remove the tunnel oxide and Hong et al. provide a method of wet etch to remove the tunnel 
oxide. 

15. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Chang, Sharma 
and Quirk et al. as applied to claim 1 above, and further in view of Chen (US 6,091,104 A) as 
can be understood since claims 8, 10-11, and 13 have been rejected under 35 U.S.C. 1 12. 

Regarding claim 6, Chang teaches a method according to claim 1, furthermore 
comprising removing part of the interlay er dielectric layer (102) before forming the spacers (this 
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can be shown in Fig. 6a and Fig. 6b, where 102 is left only under the control gate 101 and is 
enclosed by the spacer 106). 

Chang, Sharma and Quirk et al. do not teach removing part of the interlayer dielectric 
layer after forming the control gate. 

In the same field of nonvolatile memory, Chen teaches removing part of the interlayer 
dielectric layer after forming the control gate (col. 4 lines 64-67). Chen also teaches that the 
control gate is used as mask that only one lithographical mask is needed to form the gate stack 
(col. 4 lines 44-67). 

It would have been obvious to one of ordinary skill in the art at the time of invention was 
made to combine the inventions of Chang, Sharma, Quirk et al. and Chen and remove the 
interlayer dielectric layer after forming the control gate as taught by Chen, because only one 
lithographical mask is needed to form the gate stack as taught by Chen. 

Response to Arguments 

16. Applicant's arguments with respect to claims 1, 3-5, 7-8, 10-11, and 13 have been 
considered but are moot in view of the new ground(s) of rejection. 

17. Applicant's amendments, filed 12/01/2008, do not respond to the rejection to claim 10 
under 35 U.S.C. 1 12. The rejection to claim 10 under 35 U.S.C. 1 12 still stands because the 
referring of the limitation "a spacer" to two different elements is indefinite. 
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Conclusion 

18. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Hsin-Yi (Steven) Hsieh whose telephone number is 571-270- 
3043. The examiner can normally be reached on Monday to Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynne A. Gurley can be reached on 571-272-1670. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Lynne A. Gurley/ 

Supervisory Patent Examiner, Art Unit 
2811 

/H. H./ 

Examiner, Art Unit 28 1 1 
3/23/2009 



